Purpose The aim of this study was to identify factors associated with double embryo implantation following double embryo transfer (DET) during assisted reproductive technology (ART) procedures and to evaluate the implications of findings in selecting candidates for elective single embryo transfer (eSET). Methods Factors predicting double embryo implantation, defined as embryo transfers with two or more heartbeats on 6-week ultrasound following DET, were assessed using the US National ART Surveillance System data from 2000 to 2012 (n = 1,793,067 fresh, autologous transfers). Adjusted risk ratios (aRRs) were estimated after stratifying by prognosis. Favorable prognosis was defined as first-time ART with supernumerary embryo(s) cryopreserved. Average prognosis was defined as first-time ART without supernumerary embryo(s) cryopreserved, prior unsuccessful ART with supernumerary embryo(s) cryopreserved, or prior ART with previous birth(s) conceived with ART or naturally. Rates and factors associated with double embryo implantation were compared with single embryo implantation following DET among both prognosis groups. Results Double embryo implantation was positively associated with blastocyst (versus cleavage) transfer in favorable (aRR = 1.58 (1.51-1.65)) and average (aRR = 1.67 (1.60-1.75)) prognosis groups and negatively associated with age >35 years in both prognosis groups. For average prognosis patients, double embryo implantation was associated with retrieving >10 oocytes (aRR = 1.22 (1.18-1.24)). Conclusions Regardless of prognosis, patients aged <35 years with blastocyst-stage embryos and average prognosis patients from whom >10 oocytes were retrieved may be good candiCapsule Predictors of double embryo implantation following double embryo transfer are age <35 years and blastocyst transfer in patients with favorable or average prognosis and retrieval of >10 oocytes in patients with average prognosis. Physicians will find this information useful when counseling patients with these characteristics, and these patients may be good candidates for eSET, which would reduce multiple gestations and associated complications.
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Introduction
Fertility treatments, both assisted reproductive technology (ART) and non-ART, have led to an increase in multiple gestation pregnancies over the past 40 years [1, 2] . Due to frequent transfers of multiple embryos, almost half of ARTconceived infants in the USA are born as part of multiple gestations [3] . Multiple birth pregnancies, even twin gestations, increase both maternal and infant risks for adverse perinatal outcomes [1, 4, 5] . Maternal rates of preeclampsia, preterm premature rupture of membranes, and cesarean delivery are higher in multiple gestation pregnancies compared to singleton pregnancies [6] . Similarly, neonatal rates of prematurity, low birth weight, and associated morbidity and mortality are higher in infants born as multiples than singletons [3, 5, 7] . A successful ART outcome is increasingly defined as a healthy singleton [7, 8] .
In effort to improve perinatal outcomes following ART, guidelines developed by the American Society of Reproductive Medicine (ASRM) and the Society for Assisted Reproductive Technology (SART) encourage the use of elective single embryo transfer (eSET), defined as the transfer of one embryo when more than one high-quality embryo is available, in certain patient groups such as younger patients with a favorable prognosis [8] [9] [10] . Although monozygotic twinning can occur, eSET in appropriate groups reduces the potential for multiple gestation pregnancies and increases the potential for a good perinatal outcome, defined by many as a singleton, term (≥37 weeks) infant with birth weight ≥2500 g [8, 11] . Characteristics associated with a good perinatal outcome following eSET include female patients <38 years of age, diagnosis of male factor infertility, day 5 blastocyst embryo transfer (ET), and having >3 embryos available for cryopreservation [10] . Although the frequency of eSET has increased in recent years, in 2013, only 21 % of transfers among women <35 years of age and 13 % of all transfers among women 35-37 years of age were eSET [5] .
Despite guidelines and reports promoting eSET, the rate of double embryo transfer (DET) and resulting multiple births remains high [5] . The overall rate of DET has increased over time, from 32 % of ETs in 2002 to 56 % of ETs in 2013, coinciding with fewer higher-order (three or more) ETs [2, 5] . Many providers and families still choose to transfer two embryos, even with a favorable prognosis, to maximize the chance of live birth with a single treatment. In the instances where two embryos are transferred and both embryos are implanted, also known as double embryo implantation, there may be a missed opportunity for having a successful eSET, in which the infant is more likely to be born at term and an appropriate size for gestational age. A previous study by Hunault and colleagues similarly used DET resulting in multiple gestation pregnancy to develop a patient selection prediction model for eSET, concluding that younger age and embryo quality were the best predictors [12] . Only a few small studies have examined factors associated with double embryo implantation following DET. Many of these studies showed that double embryo implantation was associated with younger age [12] [13] [14] [15] [16] [17] , a higher number of retrieved oocytes [12, 13] , and higher embryo quality [12, [15] [16] [17] [18] . Given the limited information and small sample sizes on double embryo implantation following DET, we analyzed data from Centers for Disease Control and Prevention's (CDC's) National ART Surveillance System (NASS) to estimate the trends in rates of single embryo implantation following eSET and noneSET, double embryo implantation following DET, triple embryo implantation following triplet embryo transfer (TET), and quadruple or higher embryo implantation following quadruple or higher embryo transfer (QET+), We assessed predictors of double embryo implantation following DET to further identify characteristics of potential good candidates for successful eSET. Given our large sample, we were able to stratify our population by prognosis to better assess factors that may be predictive of double embryo implantation, thus providing more information to better counsel patients on eSET who may otherwise chose DET.
Materials and methods

Data
Our data were derived from the NASS, a data reporting system established in accordance with the Fertility Clinic Success Rates and Certification Act of 1992, a federal law that requires all ART clinics in the USA to report data on each ART cycle [19] . Reported data include patient demographics, infertility diagnosis, clinical information, and outcome data for each ART cycle. The NASS includes data from approximately 97 % of all ART cycles performed in the USA [5] . We used data from 2000 to 2012 and restricted our analysis to fresh, non-donor ART embryo transfers. ART embryo transfers using zygote intrafallopian transfer or gamete intrafallopian transfer were excluded from analysis.
Double embryo implantation was defined as DET resulting in two or more heartbeats on 6-week ultrasound. We also examined embryo transfers where eSET and non-eSET resulted in one or more heartbeats on 6-week ultrasound, TET resulted in three or more heartbeats on 6-week ultrasound, and quadruple embryo transfer (QET) resulted in four or more heartbeats on 6-week ultrasound. Instances where more than four embryos were transferred were combined with the QET group (QET+).
We examined the rate of double embryo implantation following DET by age and prognosis. The favorable prognosis population was defined as women who underwent their first ART embryo transfer and had one or more supernumerary embryo(s) cryopreserved, which is a proxy for embryo quality. The less favorable prognosis population was defined as women who had previous ART embryo transfer(s), no previous live births, and no supernumerary embryos cryopreserved. The remaining population was classified as average prognosis and included women who (1) underwent their first ART embryo transfer and had no supernumerary embryos cryopreserved, (2) had previous ART embryo transfer(s) and no previous live birth(s) but had one or more supernumerary embryo(s) cryopreserved, or (3) had previous ART embryo transfer(s) and previous live birth(s) conceived with ART or naturally. A previous successful ART embryo transfer would be categorized as favorable prognosis by ASRM/SART; however, since the NASS does not distinguish live birth resulting from previous ART or from natural conception, we categorized this population as average prognosis. Given the small number of women with less favorable prognosis who had DET resulting in double embryo implantation (n = 4,748, 5.9 % of double embryo implantation population), we focused on the groups with favorable and average prognosis, who would be more suitable targets for reducing DET.
Study factors and outcome characteristics
To evaluate the factors associated with double embryo implantation following DET, we first assessed a number of characteristics among DETs resulting in double embryo implantation and compared them with DETs resulting in single embryo implantation. We restricted the analysis to women who became pregnant after DET to assess the differences between embryo transfers resulting in single embryo implantation and embryo transfers resulting in double embryo implantation. The characteristics assessed were maternal age, race/ethnicity, infertility diagnosis, number of prior pregnancies, number of prior spontaneous abortions, year of embryo transfer, embryo stage at transfer, number of oocytes retrieved, use of intracytoplasmic sperm injection (ICSI), use of assisted hatching, and use of preimplantation genetic diagnosis (PGD). PGD data were not collected in the NASS until 2004. For the race/ ethnicity variable, approximately 40 % of the data were missing overall, so we created another/unknown race category. Since patients may have more than one infertility diagnosis, diagnosis categories were not mutually exclusive. We compared embryo transfers started during 2000-2004 and those started during 2005-2012 to evaluate the potential impact of the ASRM/SART guidelines that promoted eSET, which were first published on September 2004 [20] .
Statistical analysis
SAS statistical software version 9.3 (Cary, NC) was used to conduct all analyses. To calculate the annual rate of embryo transfers where all transferred embryos were implanted among all ART transfers, the frequency of embryo transfers where all transferred embryos were implanted of each transfer quantity was divided by the frequency of that transfer quantity in one reporting year, i.e., frequency of DET with double embryo implantation in 2000 divided by the frequency of DET in 2000. We used the CochranArmitage trend test to assess trends in the rate of embryo transfers where all transferred embryos were implanted during the study period. Pearson's two-tailed chi-square tests were used to compare the distribution of maternal and embryo transfer characteristics between the DET group with double embryo implantation and the DET group with single embryo implantation within each prognosis group. Log-binomial models were used to calculate the unadjusted and adjusted risk ratios (aRRs) for the association between patient and embryo transfer characteristics and double embryo implantation. Our model was restricted to day 2/3 cleavage transfers and day 5/6 blastocyst transfers, which represented 97.7 % of all transfers. The model included maternal age, infertility diagnosis, number of prior pregnancies, number of prior spontaneous abortions, stage of transfer (days 2/3 and 5/6 only), number of oocytes retrieved, ICSI, and assisted hatching. The model controlled for year of transfer as a continuous variable and for clinic cluster using generalized estimating equations to account for differing laboratory procedures and clinical techniques at each clinic. Since 40 % of the race/ethnicity and 20 % of PGD data were unknown or missing, we compared the findings for the adjusted models with and without these variables and subsequently removed race/ethnicity and PGD from the model since the differences in the effect estimates were minimal.
Ethical approval
The study was approved by CDC's institutional review board.
Results
Overall, there were 1,793,067 ART cycles included in the NASS from 2000 to 2012, of which 1,234,871 used fresh, non-donor embryos and 998,579 (80.9 %) proceeded to transfer at least one embryo. During the study period, 11.4 % of transfers were SET, 44.2 % of transfers were DET, 27.1 % of transfers were TET, and 17.3 % of transfers were QET+.
Since 2000, the rates of single embryo implantation following eSET and double embryo implantation following DET increased, while the rate of non-elective single embryo implantation following SET remained the same and the rates of triple embryo implantation following TET and quadruple or higher embryo implantation following QET+ decreased ( From 2000 through 2012, 79,813 DETs resulted in double embryo implantation for all prognosis groups. Within each age group (<35, 35-37, 38-40, and ≥41), women with a favorable prognosis had the highest rate of double embryo implantation following DET, and women in average and less favorable prognosis groups had lower rates (Fig. 2) . Within each prognosis group, younger women had higher rates of double embryo implantation than women in older age groups. Women in the favorable prognosis group with age 35 to 37 years had a higher rate of double embryo implantation (22.1 %) compared to women in the average prognosis group with age less than 35 years (18.0 %). Among women with a favorable prognosis who had at least one embryo implant after DET, 37,491 (43.3 %) had double embryo implantation and 49,123 (56.7 %) had a single (Table 1) . Among women with an average prognosis who had at least one embryo implant after DET, 34,574 (34.2 %) resulted in double embryo implantation and 66,555 (65.8 %) had single embryo implantation. For both favorable and average prognosis groups, the distribution of most maternal and clinical characteristics differed significantly between the double embryo implantation group and the single embryo implantation group (p < 0.05, Table 1 ). For example, a higher percentage of blastocyst transfers in both prognosis groups resulted in double embryo implantation than in single embryo implantation (p < 0.0001 for favorable and average prognosis). A significant difference in the distribution of uterine factor infertility, unexplained infertility, and number of prior pregnancies was only detected for the group with average prognosis.
In the adjusted log-binomial models, having ≥1 prior pregnancy and day 5/6 blastocyst ET was positively associated with double embryo implantation following DET irrespective of prognosis group (Table 2) . Additionally, in the average prognosis group, diagnosis of ovulatory disorder, male factor infertility, and having >10 oocytes retrieved were positively associated with double embryo implantation in DET. Ages 35 and older, tubal infertility, diminished ovarian reserve, uterine factor infertility, ≥1 prior spontaneous abortion, use of ICSI, and assisted hatching were negatively associated with double embryo implantation following DET in both prognosis groups.
The strongest positive association with double embryo implantation in DET was the use of day 5/6 blastocyst ET com- 
Discussion
In our study, using the national data on fresh, non-donor ART cycles, we found that the rate of single embryo implantation following eSET and double embryo implantation following DET increased; however, rates of single embryo implantation following non-eSET stayed the same while triple embryo implantation following TET and quadruple embryo implantation following QET+ decreased from 2000 to 2012. Among patients with a favorable or average prognosis who had at least one embryo implant, double embryo implantation of two embryos was associated with age less than 35 years as well as day 5/6 blastocyst transfer and having ≥1 prior pregnancy. Additionally, in women with an average prognosis, double embryo implantation was associated with having >10 oocytes retrieved. Since 2000, rates of single embryo implantation following eSET and double embryo implantation following DET increased. The increase in elective single embryo implantation rate following SET, especially since 2004, coincides with the publication of the first ASRM/SART guidelines promoting eSET [20] . Additionally, Kulkarni et al. showed that the proportion of SET that is eSET has increased over time [2] . The trend observed in our study also follows the previously described increase in eSET frequency since 2004 [10] and concurrent decreases in the number of higher-order embryo transfers [2, 9] .
Given the increase in single embryo implantation rates following eSET and double embryo implantation rates following DET, there may be opportunities for the additional use of eSET instead of DET to prevent multiple births. Technological improvements in extended embryo culture and increased practitioner experience with choosing appropriate candidates for eSET are likely the underlying causes of the higher eSET rates and elective single embryo implantation rates following SET and double embryo implantation rates following DET [10, 21] . The decrease in triple embryo implantation rates following TET and quadruple embryo implantation rates following QET+ may also be due to selecting patient candidates for TET and QET+ who are expected to have lower embryo implantation rates. Over time, the proportion of higher-order transfers among all transfers have decreased, while SET and DET have increased [2] .
We found that from 2000 to 2012, women with favorable and average prognosis who were younger than 35 had higher rates of double embryo implantation than older women after DET. Our data fits with prior studies of eSET that have also shown younger age to be a predictor of success [10, 11, 22, 23] . The ASRM/SART guidelines on embryo transfer suggest eSET in women who are younger than 35 and have a favorable prognosis; however, these guidelines do not comment on those with an average prognosis [9] . Although the guidelines lay a framework for transfer in Bfavorable^and Ball otherp opulations, there is still a need to reduce the number of multiple birth pregnancies in the USA [24] . A study of the 2012 NASS fresh and donor data only showed that 93.4 % of all multiple births in 2012 resulted from the appropriate use of the ASRM/SART guidelines [9, 24] . Given that approximately one third of the average prognosis DET resulting in clinical pregnancy results in double embryo implantation, patients and clinicians may consider transferring one embryo instead of two in this population. This is especially important because many women in the average prognosis category may otherwise be counseled towards DET, while pregnancy would be safer with eSET. A prediction model of success in ART by Luke and colleagues show an adjusted odds ratio of 27.25 for a multiple birth pregnancy following DET compared to SET [25] . Data are restricted to fresh, non-donor embryos. Double embryo implantation is when the number of fetal heartbeats on 6-week ultrasound is the same or exceeds the number of embryos transferred, e.g., when double embryo transfer results in two or more heartbeats. Favorable prognosis is defined as those who underwent their first ART cycle and had ≥1 embryo cryopreserved. Less favorable prognosis (not shown) is defined as those who had previous ART cycle(s), no previous live births, and no extra embryos cryopreserved. Average prognosis patients were those who did not meet qualifications for either group. Less favorable prognosis patients were excluded from this analysis a Race was not reported in many instances The strongest predictor of double embryo implantation in DET for both the favorable and average prognosis groups was day 5/6 blastocyst ET compared to day 2/3 cleavage ET, which was consistent with previous studies [12, 24] . Previous studies of implantation following eSET have also shown blastocyst-stage ET to be associated with higher implantation rates than cleavage-stage ET [10, 22, 26] . Although impossible to study, it is certainly possible that if an embryo can survive until blastocyst stage for transfer, then the embryo is inherently of better quality, whereas some embryos that are transferred at cleavage stage may not have survived in culture until blastocyst stage and are of lower quality [21, 27] . Additionally, having >10 oocytes retrieved compared to ≤10 oocytes retrieved with an average prognosis was independently predictive of double embryo implantation, which is also consistent with prior studies [13, 14] , but has not been shown Data are restricted to fresh, non-donor embryos. The results are of log-binomial regression. The model included maternal age, infertility diagnosis, number of prior pregnancies, number of prior spontaneous abortions, stage of transfer (days 2/3 and 5/6 only), number of oocytes retrieved, ICSI, and assisted hatching. Model was adjusted for year of transfer as a continuous variable aRR adjusted risk ratio, ICSI intracytoplasmic sperm injection a Cycles with a transfer day that was not day 2/3 or 5/6 were omitted from the model to be a predictor of successful eSET. An additional study using the SART CORS database showed higher live birth rate with >10 oocytes retrieved compared to ≤10 oocytes retrieved [28] . Thus, practitioners may consider using the number of oocytes retrieved as another factor to help counsel average prognosis women when choosing DET versus eSET. Other studies found that a greater number of high-quality or supernumerary embryos was associated with double embryo implantation in DET [12, 14, [16] [17] [18] 29] and with successful eSET [10, 22, 23] ; however, we took this variable into account when stratifying our prognosis groups. A sub-analysis of the DET favorable and DET average prognosis groups was performed to examine what percentage of each group had embryos cryopreserved. The vast majority of the favorable prognosis group had embryos available for cryopreservation, whereas the average prognosis group was more variable, reflecting the inherent way the groups were divided. The strongest negative predictor of double embryo implantation in both prognosis groups was age ≥35 years compared to age <35 years. Numerous studies also indicate that younger age is a good prognostic indicator for double embryo implantation following DET [12] [13] [14] [15] [16] . Despite this association with age, women 35-37 years with a favorable prognosis are more likely to have double embryo implantation following DET than women <35 years with an average prognosis. Clinicians may also consider counseling women with favorable prognosis who are <38 years on having eSET instead of DET to lower the risk of multiple gestation pregnancies.
Our findings have several limitations. First, the NASS does not collect data on embryo morphology or the total number of embryos fertilized. Instead, we used the number of embryos available for cryopreservation, which has been shown to be an acceptable proxy for embryo quality [30, 31] . Additionally, the definitions used to divide prognosis groups differ from the ASRM/SART guidelines on the number of embryos transferred during ART. While the favorable prognosis group is narrow in inclusion, the average prognosis group is quite heterogeneous and our conclusions regarding this group need to be considered in light of the heterogeneity. Additionally, our study was limited to fresh cycles since they are the most common transfer type (66.6 % of cycles in 2011), although the number of frozen cycles is increasing, having tripled from 16,383 cycles in 2002 to 46,779 cycles in 2013 (24.5 % of cycles in 2013) [5] . It will also be important to assess predictors of double embryo implantation in patients with frozen cycles, given that a recent study has shown higher pregnancy rates in frozen transfers compared to fresh, nondonor transfers [32] . The NASS includes only data from ART cycles in the USA; thus, conclusions are only generalizable to cycles performed in the USA. We also cannot account for monozygotic twinning in our study.
In instances in which one embryo did not implant, but monozygotic twinning of the remaining implanted embryo occurred, the embryo transfer would appear to have double embryo implantation. Monozygotic twinning is infrequent, however, occurring approximately 0.9 % following ART, compared to the natural rate of approximately 0.4 % [33] .
Clinical impression
Although the rate of higher-order embryo transfers in the USA has decreased and the rate of eSET has increased over time, over half of the embryo transfers performed in 2011 were DET [2] . Many of these DETs result in double embryo implantation, leading to multiple gestation pregnancies that may result in maternal and neonatal complications [1, [4] [5] [6] [7] 34] . Our study supports wider implementation of single embryo transfer, particularly in women with a favorable or average prognosis who are younger (<35 years) or have blastocyst embryos available for transfer and women with an average prognosis from whom >10 oocytes are retrieved. It is known from prior studies that factors such as younger age and transfer of a blastocyst embryo are associated with successful eSET, and these factors are already incorporated into the ASRM/SART guidelines. We establish that these factors are likewise associated with double embryo implantation following DET. Since many of the factors predictive of successful implantation are already known, physicians may consider using our findings to further tailor patient counseling, especially in patients who are considering DET when they are, in fact, good candidates for eSET. The novel aspect of our study is that we stratified our comparisons by prognosis group, which may be also useful in counseling average prognosis patients on the number of embryos to transfer. Indeed, we found that a large portion of women with an average prognosis have double embryo implantation with DET and would likely be good candidates for eSET. If patients and physicians discuss these factors while making decisions about the number of embryos to transfer, the use of eSET may continue to increase with a corresponding decline in multiple gestation pregnancies and associated maternal and neonatal morbidity and mortality.
